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P  R  R  F  A  C  H 

This  thesis  is  entirely  original,  no  literature 
of  any  sort  treating  of  this  subject  can  be  obtained 
and  it  is  doubtful  whether  there  is  any  published. 
Ye  triod  to  carry  out  various  methods,  but  some  \in- 
fcrseen  difficvlty  always  arose  Thich  sometimee  could 
be  explained  and  eliminated,  but  sometimes  could  not. 
The  plnns  of  procedUT'?  were  developed  and  tried  as  the 
work  progressed. 

Some  vorks  of  this  nature  was  carried  out  by 
rrof.  Croighton  of  the  general  Electric  Company,  but 
his  method,  the  Potentiometer  method,  which  is  ex- 
plained in  tho  contents  of  this  tbeais,  is  the  method 
he  used.   In  this  way  he  obtained  results  which  were 
not  very  rellablo,  but  which,  however,  were  accurate 
compared  v/ith  the  results  we  obtained  by  our  methods. 
Since  ";e  did  not  have  the  facilities  that  the  poten- 
tionetor  deterrfination  requires,  original  work  was 
attenpted.   As  no  results  were  obtained,  we  intended 
to  construct  a  potentiometer,  but  since  it  could  not 
be  made  in  M-re  for  any  experimental  work,  this  could 
not  be  included. 
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However,  the  negative  results  obtained  may  serve 
as  a  guide  to  any  'Tho  may  be  interested  in  carrying 
the  work  to  completion. 
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DIS'rx^l3U^IUl-^  OF  POTENTIAL  IN  SUSPENSION  TYFTi   INSULATORS. 

;  When  a  high  voltapre  is  applied  to  a  suspension 
type  high-tension  insulators  of  t^o  or  mor-e  units  of 
equal  electrostatic  capacities  there  is  a  greater  drop 
in  potential  over  the  unit  nearest  the  conductor  than 
any  of  tho  others. 

Tit.^ORKTICAL  EXPLANATION . 
Tho  only  explanation  of  this  phenominia  that  can 
be  advanced  at  present  is  that  leakage  through  the 
air  effects, the  apparent  capacities  of  the  units,  and 
thus  causos  an  unequal  distribution  of  potential. 

Figure  1,  plate  6,  shows  what  is  possibly  the 
static  fiold  surrounding  the  group  of  units  under 
service  conditions.   Figure  2,   plate  6,  shows  an 
equivalent  arrangenent  of  condensers  in  which  con- 
densers A  -  G,  B  -  G,  etc.  in  parallel  Tith  the  units 
of  the  series,  replace  the  leakage  paths  shOTn  by  the 
dotted  lines  in  Fig.  1.   The  metal  of  the  units  at  A 
and  B  '7ith  the  porcelain  between  form  a  condenser 
which  Till  be  called  A  -  B.   In  addition,  the  line 
and  -n-tal  A,  and  the  groiinded  metal  at  G  with  the 
intermediate  air  as  a  dielectric  forra  condenser  A-G, 


which  is  in  parallel  with  the  ramainiiig  aystera  of  con- 
denserB.   In  a  like  manner  the  metal  at  B  and  the  ground- 
aetal  at  G  form  a  condenser  B  -  G,  rvhich  is  in  secies 
with  the  condensor  &  -  B,  and  in  parallel  '-rith  the  re- 
maining arranfenent  of  insulator  lonits.   Again,  in  the 
same  manner,  condensers  B-G  and  D-G  combine  their  ca- 
paoacities  vith  the  remaining  arrangement.   The  result 
of  this  leakage  capacity  is  to  decrease  the  apparent 
capacities  of  the  line  end  of  the  system,  and  to  in- 
crease the  capacities  of  the  units  at  the  ground  end. 
As  'vill  be  reTnembered ,  when  a  number  of  condenser 
units  are  connected  in  series,  the  drop  over  each  will 
be  univorsely  proportional  to  its  capacity.   Therefor, 
if  the  apparent  capacity  of  the  units  "rhicln  are  near 
the  line  be  decreased,  and  those  nearer  the  ground  in- 
creased, the  drops  over  the  various  uiiits  v^ill  not  be 
equal,  as  they  would  be  if,  equal  apparent  capacities 
were  obtained.   For  this  reason,  the  drop  over  the 
unit  near  the  line  is  much  greater  than  that  over  any 
other,  and  that  over  the  one  at  the  grounded  end  of 
the  system  is  least  of  all. 

As  has  been  pointed  out,  ife  is  desirable  to  make 
the  potential  differences  over  the  various  units  equal. 
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The  only  'v-iy  to  '^.c   this  is  to  grade  their  capacities 
In  su6h  a  /ay  as  to  make  their  apparent  capacities 
equal.   The  unit  next  to  the  line  should  have  the  great- 
est capacity,  and  that  which  ie  grounded  the  least. 
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DinTKIBUTIQN  DETEmfl NATION . 
Thore  are  t'vo  methods  which  may  be  sup:ee8ted  for 
raeasurln/;'  the  drop  over  the  individual  units  making 
up  a  suspent?ion  insulator.   They  are  the  electrostatic 
voltmeter  and  the  potentiometer  methods,   Tho  former 
will  "be  considered  first. 

DLJTjzlRMINA-'IJIi  BY  MEANS  OF  THE  ELSCTROSTATIC  VOLTIfKTER. 
There  are  nany  difficulties  to  be  overcome  in 
ord=^r  to  obtain  the  actual  potentials  by  means  of  an 
electrostatic  voltmeter.   Such  a  voltmeter  r^ust  have 
capacity,  and  when  this  capacity  is  connected  in  paral- 
lel /ith  the  capacity  of  a  unit,  a  redistribution  of 
potential  talres  place,  which  is  due  to  the  raising 
of  the  apparent  capacity  of  the  combination.   This 
effect  is  si  ilar  to  that  talking  place  ^hen  a  lo^r  re- 
sistance folt'ietor  is  used  to  measure  the  .irop  over 
a  lo'5  resistanco.   The  increasing  of  the  apparent  cap- 
acity of  6iie  unit  lowers  the  drop  over  it  and  at  the 
sane  tine  increases  the  drops  over  the  others;  so  that, 
if  the  capacity  of  the  voltmeter  uned  is  comparable 
in  magnitude  to  that  of  the  unit,  the  distribution  is 
changed  go  much  from  the  normal  that  no  possible  con- 
nection can  be  made  for  it. 


Th?  only  reans  of  parti  rally  elirilnatinp'  tl-is 
effect  line  in  the  use  of  a  voltmoter  vhoBG  capacity 
is  only  a  fe-r   ■'-^er   cent  of  that  of  the  unit,  so  that 
the  distribution  of  potential  is  only  changed  a  liko 
percentage.   The  smaller  the  ratio  of  the  capacities 
the  better. 

The  autbora  first  intended  to  use  the  ?5,000 
volt  scale  of  a  '.Vestinghouse  100,000  volt  electro- 
static voltirneter  in  neasuring  the  drop  over  the  units 
and  the  higher  scale  for  obtaining  the  line  voltage, 
but  it  was  foiind  that  the  capacity  of  the  instrument 
when  arranged  for  a  lower  scale  reading  was  nearly 
equal  to  that  of  the  insiilator  units.   The  capacity 
of  the  voltmeter  vThen  using  the  ^5,000  volt  scale  '.rap, 
.00005^^5  M.F.  7/hile  those  of  the  insulators  varied 
from  .00005  to  .0000737  f.I.F.   It  would  be  impracticable 
to  use  this  voltneter  because  the  drop  over  a  unit 
would  be  Chan -red  from  40  to  50  percent. 

Tho  next  plan  sugrestsd  consisted  of  using  a 
1300  volt  olectrcstatic  voltmeter  manufactured  by 
Elliot  Brothers  of  London  lingland  in  connection  with 
a  multiplying  capacity  so  that  it  could  be  calibrated 
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to  read  ''6,000   volts,   h'rotn  rough  noaeuromente  it  was 
found  that  the  cipacity  of  this  voltmeter  'vae  about 
.00005  :!.F.   To  IncreaBO  its  ranr©  to  ^6,000  volts, 
or  a  multiplication  of  twenty,  a  aorloe  oondonser  of 
about  .000C0"6  i'.,F»   capacity  inuat  be  uaod.   The  total 
capacity  of  l]\e   Instrument  would  thon  be  abo'it  .00000r»5 
>:.F,   ihis  valuo  is  about  5  percent  of  the  capacity  Of 
the  snalloot  insulator  unit  so  that  the  distribution 
of  potential  would  not  be  chanp-od  by  very  Tiuch, 

This  combination  could  not  be  used  for  a  drop 
of  loBB  than  9,000  volts  over  each  unit,  as  the  scale 
of  the  Instrunont  reads  inaccurately  below  90(D  volte. 
i<Jvon  with  a  difference  of  potential  of  900  volts  the 
multiplicntion  factor  must  be  lowered  to  t*">n,  ^»hich 
•'rould  cauf.f?  a  difference  between  the  measurod  and 
norrnil  drop  over  a  unit  of  about  IC^. 

The  apnaratUB  was  constructod  as  shown  in  Plate  II. 
The  nultiplyinf:  capacity  consisted  of  t^o  wooden  discs 
5  inches  in  diameter,  covered  "rith  tin  foil.   These 
were  placed  upon  wooden  supports*   By  sliding  the  rods 
in  i.hoir  r.uidoH,  the  distance  bet/.Teen  plates,  and 
hence  the  capacity  could  be  varied  so  that  it  is  poss- 
ible to  calibrate  the  instrument. 
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This  condenser  and  the  voltmeter  -^ere  mounted  upon  a 
table  as  sho.vn.   The  insulators  were  hunp  from  a  chain 
hoist  which  'vas  fastened  to  the  ceiling  of  the  rocu. 
This  was  grounded  by  means  of  a  ^Ivo   running,  to  a 
stean  pipe.   Tho  apparatus  '7as  connected  as  sho^'n  in 
plat'^  ?l  and  0.   One  terminal  of  the  voltmeter,  ( shown 
as  a  novable  contact) ,  was  fastened  to  a  piece  of 
metal  upon  the  end  of  a  'veil  seasoned  stick  of  wood 
about  Rix  f^vTt  long.   By  reversing  the  1,300  volt 
voltmeter  connection  from  the  grounded  to  underground- 
ed  side  of  the  insulator's,  and  exchanging  the  ter- 
minals of  the  "Thole  combination,  eight  cases  of  con- 
nection are  possible.   The  reversing  of  the  voltmeter 
terminals  changed  conditions  because  one  terminal  was 
insulated  from  the  instrument  case  and  connected  to 
the  iJiductor  while  the  other  was  grounded  on  the  can®. 

This  method  of  measurement  is  not  practicable  as 
will  bo  shown. 

The  deflections  were  as  follows,  for  the  varioiis 
cases,  with  tl^e  movable  point  placed  as  indicated:- 


-8- 

C  A  J2  -  !• 
^J.ovablo  contact  to  1   -  Ji^ef lection  off  aoalo, 
9.  -  Full   Bcalo^    7>   -    i'cnd^ncy  to  deflect,   4   -  Zero, 
deflection. 

CARE     P., 
-Movable  contact   to  1   -   STT\all  deflection,   ''   -   "^rmll 
Dof! lection,   "^   -  Zero,  4   -  Zero. 

CASE      7i, 
Movable  point  to  1   -  Tendency  to  deflect  ''   - 
Tendency  to  doflect,   3   -  zero,   4  zgro. 

C   A   S   E  4. 
iYovable  point  to  1   -  znro,   "^   -  zero,   "^  -  Tend- 
ency  to  df^flodt,   4    -  small  deflection. 

C     A   j;:    E    5. 

deflection  off  ocale  evon  if  movable  lead  is 
disconnected  entirely. 

0  A  S  ji  6. 

liovable  point  to  1   -  Deflection  off  scale,      '^  - 
9H1bl   r.cUe  d5f lection,    '*;   -  7^/4  scnlo  doflecticn,   4   zero. 

C   A   C   E  7» 
Movable  point  to  1  -  Deflection  of-^  scale,    "^   -  J /^ 
£3calo  deflectirn,    "^   -  l/4   scale,   4   -  zero. 
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C  A  G  E   8. 

Movable  point  to  1  -  Deflection  off  scale  -  - 
l/^  scale,  ?■■-   Small  -lef lection  4  -  Sendenoy  to. 

NOTE:  In  these  testa  the  rultlpller  plates  -vere 
at  ]east  2.5  feet  apart  and  a  voltage  of  about  11^,000 
was  used. 

From  these  indications  it  is  evident  that  there 
■v/as  a  conplioated  case  of  leakage  and  capacity  effects. 
Later  tests  show  that  capacity  was  the  principal  cause 
of  trouble.   It  was  throught  that  a  large  ariount  of 
loaVa^o  occurred  between  the  case  and  ground.   This 
leaka/re  path,  if  it  existed,  'jrould  cause  the  indtoa- 
tions  noted  in  some  of  the  cases  of  connection. 

Ln   case  1  this  leakage  path  is  in  parallel  -.fith 
the  voltiTieter,  and  when  the  novable  contact  is  placed 
at  1,  it  ^vould  cause  the  voltraoter  to  deflect,  ^hich 
checks  A'ith  the  observations.   At  point  4  there  should 
be  no  deflection  because  this  path  would  be  in  parallel 
with  the  voltmeter  and  tend  to  lessen  any  tendency  to 
deflect,  which  would  be  siaall  as  the  plates  were  so 
far  apart. 

In  case  '^.f    the  leakage  path  ir,  in  such  a  con- 
nection as  to  cause  the  effects  noticed,  nanely: 
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vory  sna:!  or  zo'^o  dofl3cti.ma  in  any  position  of  the 
movable  coniioctlon. 

in  case  '',  tha  supposod  leakage  path  la  also 
iii  such  a  position  as  to  cause  tho  offecte  noticed. 

In  case  4,  the  leakage  theory  also  givoscauno 
for  the  observed  results. 

In  case  5,  there  could  be  '  circuit  through  tho 
leakage  path,  the  voltmeter  and  hack  to  the  under- 
grounded  side  of  the  line,  -^hich  would  cause  a  do- 
flGction  no  natter  ^^hero  the  movable  tertainal  la   pla- 
ced.  Thia  chocks  witli  observed  readings. 

in  caso  (: ,    'iThen  tho  rnovabla  point  l3  at  1,  there 
could  bo  a  circuit  through  the  leakage  path,  the  vol*- 
meter,  ^ry^,  to  tho  ungrounded  side  of  the  line,  -"rhich 
v?ould  give  a  larre  deflection. 

vhen  the  ;nov  lilo  contact  is  at  4  there  .Tould  be 
no  deflection  because  the  voltmeter  connection  and 
tho  leakap*!  path  are  on  tho  sarno  'ide  of  the  lino. 
This  cheeks  virith  observations. 

In   case  7,  the  leakage  theory  does  not  plvo  cause 
for  the  observed  readings. 


VV^ien  the  movable  contact  was  at  1,  V'-a   inetrtiTr.9nt 
def looted  off  tho   scale;  at  this  point  the  leakage 
path  is  directly  across  the  line. 

Also,  in  case  8,  the  leakage  theory,  does  not 
give  caur.T  for  abserved  readings.   ''Jhen  connected 
to  1  the  volt'^eter  def lectedf fj^ff  the  scale.   ''ith 
this  connoctlcn  the  leakac^e  path  it?  in  parallel  7i'ith 
tho  voltmeter  n.nd  aeries  with  the  nultiplyinp-  capacity, 
so  a  very  nmall  deflection  shou.ld  rept}lt. 

in  ordor  to  lessen  this  auppoeod  leakage  insul- 
ators ?/ere  placed  under  the  table  legs.   This  did 
not  effect  the  results  in  the  leant. 

The  next  proceeding  ■c^.-as  to  hanr  the  voltrpeter 
by  paraffined  cords  from  the  ceilinp;.   The  arranf.e- 
ment  vfas  as  shov;n  In  plate  1'^.   All  -'ood  used  Tas 
boiled  well  in  paraffin.   When  the  apparatus  was 
arranged  In  this  vray,  there  vvas  little  chance  for 
leakage  to  the  ground. 

rhiO  effocto  observed  "frhen   this  combination  was 
used  .79 re  as  follows :- 

C  A  S  S  1. 

Movable  point  at  1  -  Deflection  cff  the  Honle, 


9.   -  1/4  scale  deflection,  "^   -  zero  deflection,  4  l/^ 
scale  deflection. 

c  A  _§  s  n. 

Movable  point  at  1  -  Full  scale  deflection,  2  - 
small  deflection,  3  -  Tendoncy  to  deflect. 

CASE   3. 
.icvable  point  at  1  -  "%lf  scale  deflection,  "^   - 
Tendency  to  deflect,  3  -  Tendency  to  deflect,  4  - 
aero  deflection. 

C  A  S  E  4. 
Deflection  off  of  scale  no  matter  whether  the 
movable  point  is  diaconnect'^d  or  not. 

CASE   5. 
Deflection  off  of  scale  as  in  case  4, 

CASE  6. 
Movable  point  at  1  -  Full  scale  deflect "on, 
2  -  Three  quarter  scale  deflection,-  3  quarter  scale 
deflection,  4  -  zero  deflection. 

CASE  V. 
Movable  point  at  1  -  Full  scale  deflection,  ?  - 
Three  quarter  scale  deflection,  '^  -  Tendency  to  de- 
flect, 4  -  zero  deflection. 


C  A  n  S  3. 

."/iovablo  point  at  1  -  Oaf  lection  off  of  scale,  ^  - 
Tendoncy  to  dofloot,  7^-   -   Tendency  to  deflect,  ^  - 
Half  scalo  def loot ion. 

in  caae  1  capacity  between  the  instruTnont  case 
and  the  room,  or  insulators  could  cause  the  large 
deflection  -when  the  movable  con.ioction  ia  placed  at  1 . 

in   case  S,  the  capacity  assumed  is  in  parallel 
with  tho  voltTieter  when  the  nov'ible  point  io  con- 
n^ctod  to  1,  so  that  the  observed  full  so  ilo  do- 
floction  is  poc'-siblc.   AIg-o,  '^hon  ccnn'^ction  is  made 
to  point  A,    this  capacity  is  in  such  a  connection, 
as  to  alio-"  a  zero  dsfloction. 

In  case  ?,  the  observed  results  are  f^ntirely 
possible,  as  any  capacity  effect,  as  above,  should 
Tnake  no   difference  in  the  reidin.re. 

The  possibility  of  the  obse^v^.t ion,  in  case  'I, 
is  questio-iablo  according  to  the  abovp*  assunption, 
but  sQems  to  be  a  reality.   Hero  the  capacity  is  direct- 
ly across  the  line  in  any  position  of  the  movable  contact 

In  case  5,  the  effects  ".re  '•he  same  as  ^rhen  the 
instruTientP  'vero  mounted  on  the  table  and  checlr  ^^ith 
tho  possible  deflections  aocordinn:  to  the  aseunption 
made  abovo. 
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In  caoe  6,  the  rn3ults  are ^possible  wben  there 
is  such  a  CTni,city  of-^'oct. 

In  case  8,  the  reaults  aro  the  same  as  -.vhen  the 
voltmeter  vras  nounted  upon  the  table,  and  a.'-e   question- 
able according  to  the  above  theory. 

The  observations  as  given  above  seem  to  show, 
that,  as  leakage  should  be  practically  elininated 
when  the  Instrument  is  suspended,  the  freak  results 
inuBt  he  caused  by  some  complicated  capacity  effects. 
The  capacity  pointed  out  is  probably  the  lar.rrest  but 
by  no  "'oans  the  only   one.   The  deflections  beyond 
the  ranf;e  of  the  i-cale  aho"?  that  the  case  -  room 
capacity  must  be  larrer  than  the  capacity  of  the  nul- 
tiplyirif  corvierisor  "/hen  the   >lates  are  moderately 
close  together. 

t^hen  the  connections  are  as  in  case  ",  the  ca- 
pacity to  the  voltmeter  case  has  no  effect.   For 
this  reason  it  v/ould  seen  possible  to  obtain  results 
in  this  'Tay.   This  method  was  tried  but  conpistant 
readlnf-s  "/ere  not  obtained.   The  voltmeter  ''ras  ad- 
jus'ed  for  a|  raultij  lication  of  PC,    that  is,  to  read 
96,000  voltB,  and  a  line  volta,^-e  of  ^CjOf^O  volts  ^as 
used. 


;Vhen  the  movable  point  was  oonriected  to  ^,  thora  'vas 
a  reti-diiig  of  f-^C,400  volts  (lO'^O  x  r!0),  'vhon  connected 
to  ",  a  reading  of  r^/lOO  v&lhB   (160  x  P.O)  .   f-ubtract- 
iug  sr  ,4':0  from  n6,or;o  gives  8,60n  ^^or  the  drop  ov^ir 
t'le  lower  unit.   The  voltage  over  the  middle  unit  is 
17,2GC  and  the  top  one  3, 5500.   it  is  evident  that 
these  results  are  not  correct. 

Calihration  data  was  tak3n  for  this  combination 
and  .vas  as  follows :- 
VoltJiOter  Keadings.  Actual  Voltage. 

I'-JOO  X  20    ■-'    2C,0G0  ^6,000 

n55  X  ^0  -  25100  '?4,000 

IP,  15  X  no  =  P.4,300  ^2,000 

IISO  X  ^0  ■=  ?^o,CCC  2C,000 

nr;0  X  -^O  =  32,400  17,500 

1070  X  SO  =  '"1,^00  ]5,''75 

using  thir.  data  in  cor  octlnp  the  Jictrlhtitlon. ta^on 
above  gives  results  that  socrr:  farther  fron  the  truth 
tlian  thoL'e  given.   This  shows  that  the  oalibration  of 
the  Instriirr.ent  cannot  be  depend  3d  upon. 

Since  t^o  detenrinaticn  of  the  potential  die- 
tributio;i  cannot  be  obtained  by  means  of  an  cloc*roGtatic 
voltmeter  some  other  method  must  be  developed. 
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D^ilTBT.illlATION  3Y  MEATIS  OF  POTJTITIO'IET'a. 

in  the  potontiomoter  method  of  neasurinr  con- 
tribution of  potential,  a  high  rosistancf?  of  a 
megohn  or  more  is  connected  across  the  line*   Thlo 
resistance  rrjurst  be  uniformly  wound  and  have  all  points 
of  the  winding  acceasable.   '•-Movable  connectionB,  con- 
nected to  the  "'.otal  parts  of  the  units  are  placed  in 
such  a  ];^cgition  that  no  current  •'^lows  tbrough  them 
to  the  roBlat  iiico,  except  those  to  the  line  and 
grc  nded  sides  of  the  insulators.   The  potential  diff- 
erence between  these  contacts  is  measured  by  the  fra- 
ction of  total  resistance  included  bet'veen  then,  times 
the  line  voltapre.   The  point  of  equal  potential  on  the 
resistance  coil  nay  be  located  by  observing  if  thepe 
is  a  spark  discharge  upon  connecting.   Such  a  combin- 
ation as  t  is  is  shown  in  Plate  9. 

The  problerri  in  this  method  is  to  eliminate  leak- 
age aa  far  as  possible  between  parts  of  the  coils. 
tJuch  leakage  shunts  part  of  the  resistance  and  causes 
an  error  in  determination. 
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^.s  has  been  stated  above,  the  capacitios  to  T)e 
dsaj.t  "/Jith  are  of  very  amall  rcagnltude.  A  f:reat  a- 
moiirit  o:'  trouble  ivas  3ncour)ter*ed  in  findiiip  a  netbod 
appl  ..cable  to  tbolr  neaaureioont ,  T?o  different  ine- 
thodK  wer-^^  tried,  but  at  bef't,  only  approximate  re- 
sults -.jere   obtained. 

riio   first  nietnod   tried   v/as    ttiat  of    the  corn- 
pariacn  of  direct  deflections   of   the   f-alvanoneter . 
The   apparatus  used  was  a  c'-iar^.'-e   and  dischayge  l^ey, 
a   standard   condonaer  of    .05   ^''.F.    capacity  and   a  very 
sonsitivo   wall    typo   galvanometer,    nanu'actured   by 
Leeds  .ioi't.i.rup  A  Company.  • 

ib-o  hi£;:ii  direct  current  volt.ar:e   used    "hen   ob- 
taining galvanBL-netric   roadings   for   the  dlsoJiai-ge   of 
the   itisuiutor;;   ''au    taken  froi3  a  atora^re   battery. 
The   lo'.r  volo-^go   tv-yl  ivitb   tho   ■-?to,ndai'd   con'Ieiisor,    for 
detorr.iniiig   the   /Talvano.nieter  oonatant,   was   obtained 
from   one  dry  cell. 

The  ap:;aratus  was  connected  as  ahem  in  Plate 
10.  ..'hen  the  key  was  thro'vn  j.n  ono  direction,  the 
capacity   connected   being  either  standard   or   insulator. 
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ia  charpsd;  w2ien  in  the  other  •''.ir ■'ctlon,  ic  dlscharpod 
through  tho  /'alvanoraeter . 

xhe  /^alvanomoter  constant  was  obtained  "by  neJng 
the  .05  .l.>'.  cnrxienBer  and  a  pressure  of  •^.'bout  nn-^ 
volt,   i'he  computation  of  this  c">nstant  follo'^s.   ^e 
have  the  fT-indamental  formula  for  the  relation  of  cap- 
acity, voltafse,  and  quantity  of  charro  in  a  condonsor, 
Q  =s  C  si,   where  ^  ~   quantity  of  charpo,  C  =  capacity, 
and  i::  =  -.lifferenco  of  potential  between  plr^-tea.   Now, 
when  a  con^.enoer  is  diRCharpred  throufrh  i\   brlliatlc 
^alvnnonotor,  the  quantity  of  electrici'^'y  passinp;  is 
proportiona.1  to  q.  constant  tines  the  deflect 'on  or 
K  D.   .Vhere  K  -  a  ccnetnnt  and  D  =  the  deflection. 
Therefor,  I'.  .!.  ~  Q  and  nubetltutinr  above  V  D  -  C  K. 
If  jj,  C  avid  ii.  are  known,  K  can  be  eolved  for. 

.ifhen  t'^o  or  three  ineulator  units  "^ore  connected 
in  parallel  and  a  preeaure  of  fror.  ^00  to  ^0^   volt-^ 
?ra8  uoed,  a  d«f lection  ut>on  dieobarre  of  aboMt  the  eerae 
iaap;nitude  ns  that  obtained  'Then  ;?;f>ttinf  the  ^alvn.nonr'ter 
constant  was  obtained.   From  tbo  forrula  above  "'re  can 
solve  for  C  aa  we  have  det'^rninod  '■  and  Imo?^  D  and  ^.. 
Dividing  the  cai^acity  thus  obtained  by  the  ntmbr  of 


insulator  units  in  pamllol  rives  us  the  avera.te  cap- 
acity of  OD.Ch. 

The  capacit.7  T.eal-uremen^l-  "by    thin  reothod  cou^d 
not  bo  TTiado  vei-y  '^ccDrato  on  account  of  th.-^  small  fnl- 
vanoffoter  deflect  ions  obtained.   Ho'vevr,  it  might  be 
pOGsible  to  get  greater  accuracy  by  the  uee  of  a  hipih- 
sr  voltage,  but  this  rae   not  at  hand. 

±ho  direct  def  1  ectic-  ^lethod  \7as  only  usod  in  the 
determination  of  the  capacity  of  the  l-acge  Thomas  in- 
Bulators  shcm'i  in  Plato  1,  because  it  ^vas  early  de- 
cided that  the  determination?!  could  not  bo  -nade  accurate- 
ly.  The  capacity  of  the  Thomas  incul^tore  determined 
as  above  is  about  .oroo?'''  M.F,   The  results  obtained 
varied,  the  riaxiinu^  difference  fron  the  ave^afre  beinfr 
17-l/f^  percont. 

The  next  method  developed  "va??  the  ?high  fi^eouency 
method".  An   electric  tuninr  for^r  of  TRjOOn  pe^-'iode 
per  minute  'Tas  used  to  cbarro  and  diaoharfre  the  cap- 
acity.  This  forlc  had  plat'nur.  ccntactr^  upon  its  ex- 
tremities '.^hich  enr;a,TOd  amall  platinun  btsttona.  Durinfr 
one  part  of  a  period  one  c  ntact  enTarca  ifcs  button 
and  the  condenser  is  charged  and  during!;  thg  other  part. 
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the  other  brtnh  '.?as  in  contact  with  its  button,  and 
short  circuits  the  capacity.   Thus  the  capacity  is 
charf  ed  and  discharfftd  15,000  tinos  a  minute.   ""his 
combination  is  really  a  double  throw  key  'vith  the  fork 
as  1\B   TQiddle  point  and  the  buttons  as  contacts. 

The  apparatus  was  connected  as  sho'^'n  in  plate  5. 
The  charf:in,''  contont  for  the  ccndonnor  flc';7G  through 
the  galvanoraeter.   A  voltago  of  fror  f  to  10  volts 
when  UBod  'ith  a  single  insulator  ujnit  rivos  a  large 
galvanonetor  deflection  of  from  16  to  18  cin.   Because 
of  tho  hif.h  ratir;  betwe'^^n  the  capacity  of  the  standard 
condeunor  (.0^5  l: .    F.)  and  that  of  tho  insulator  ion  it , 
it  v!:rs   found  rioceesary  to  use  a  lorr  voltare  of  fror 
.01  to  .C'l  volt  -.Tith  the  standard  to  f,ive  tho  aare 
deflection  as  v/ith  the  insulator  and  hifrhor  voltage. 
I'hio  low  volta|te  '.vas  obtained  by  passing  current  fran 
a  Btorare  coll  tliroufh  a  standard  .01  '"  roBietance; 
tJuj  cui^ront  belnr.  l-no^n,  the  resistance  drop  can  be 
computed  accurately. 

In  order  to  be  able  to  change  from  the  insulators 
to  the  standard  and  low  voltage  easily  and  quickly,  four 
single  polo  double  throw  p"?itches  were  used  as  sho^m. 


ainfJ©  role  fiNvi  t.cho!?  wore  uuw!    in  preference  to  double 
polfi  brjcsiuoc  any  capacity  or  lealraj?:o  offecte  nay  be 
lo^orod  r'it«rlnl!y. 

j?ho  prsocadufQ   In  taking  a  rea.1in.«5  1b  an  folio -rg:- 
i'he  d6f loc-vion  ^luo  to  th*?  oharginc  current  of  tho   in- 
oulator  '*aa   ta^'^'n  and  the  voltage    Thlch  ^vaa  applied 
rsH ' ,   and    t;^en  t.h.^n  "Switches  ^ero  tlVi^'von   to  t.?i9  lo^v 
voltap,e  and   utundarrl  oapao'ty.     Tho  curr«>nt.  through 
I  ho  resia  lance  In  ■'ho  jiUKillary  ciroult,   and    therefore 
the  drop  over   It  'vib  vari&i  by  "'oane  of  carbon  pile 
rhooatatB  placed    In  'h©  circuit.      '.Vhen  the  drop  oviy 
the  rT-slijtance  wae  such   that   t^e.  def  l.ii>ct!on  of   tho  pal- 
vancrfjtor  '.?  lo   the  samo  as  whan  tho  insulator  and  hij^- 
er  volt"vfO  ■:?a9  Ufiod,    the  airrsotor   Ta;5  r'»ad  and  the 
appli'yl  V)ltr,,p-ry  ooRjputed .      Ao  the  d2»f leoticne  ^hen 
the  hirh  vol*'^,f.?  arid   inaulator  rfaa  'jo©<l  rrero  tho  sane 
as  '"or   ly.f*  str'jTdarcl  condencor  ••'  M  3ow  vol  tape,    the 
capacitioo  niiHt   Kj   1  ii   t!^o     inverse  r-'it»o  of   tho  volt- 
ix^e  uo^vl  for  charflnf. 

A  credit  d^'^l  <:f  trouble  '?ras  exporianced  because 
the  falvi-nometor  ~'np  not  dead-be-tt  and   'iue   to   chan/reB 
In   thrt  forV;  contacts  -Ycrld   aTlng  ovar-  a  -vido  ran^, 
jcakinfr,  accurate  roadinr;  irsposalblo. 


This  was  never  complstoly  cliTirg  to:=! . 

Cue    '.■a:y   which  v^as   tried   corsioted    of  vsinp:  o 
thei-mo-electric  couple   to  deflsct   tho   galv-rinotieter . 
This  ■■7ae    not    BVcoe.-?sl'ul,      A   ETia""^    t'lerno   counlo   of 
cop]- or  ar.d   ■  onto-ntln  T?Tirc  ttre  nounted    ir  contact 
v;ilh  a  very   f  :ig   carbon  filiament,    such  as   Is   ijssd 
in    t7/o  candle   po-.vor   incR-ndoscent   lanpn.      T^e   "vhole 
"^ao   placed    .rn  a  small  "box   to   j',roid    the   '"■Tor-tc   of 
air   cvArronts.      rhe   carbon  filamoiat  wac   conn'5ctod    in 
sorios   ii.'ith   tl'ic   charginn;  circuit   and   the   couplo  across 
the   f,alvano!r.=)tor.      It  'ran  hnped    that   the  heatlnr  effect 
of   tho   sna]  1    chargln."'  carront  upon   the   carbon  fil- 
anr>nt  "vould   caime   '^^if'^^ici'^rt   ri^^^e   in  te'Tip^'^p.ture   to 
effect   tho   oonJ)le        anr^  defloct    t^e    pnl'^anonetor. 
Thio   Cirih.lnation  Bhould    intofrato   the  variations   in 
the  curronl    -md   catie^  a   consti-it  deflection,    but   it 
■vaa   found    t'Mt   the   .Bfal-'anorrete-*"   r'i^''e  no  doflection 
"T'-'at -ver . 

T^o  difficulty  ^^as  finally  partially   solved  by 
placinf'  tv/o  da-!;pinr  coils    on  the   ,?alvanoreteT".    Cven 
■7ith'   this  danpinp-  O'ffoct,    th??r"=>    -'ore   ,'^reat  varia- 
tions   in  .loflecti-n  dije   to  changos    in   the   -^or^  con- 
tacts. 


The  'veather  "'.'as  foimd  to  hav-^"  a  grent  f^ffect  up- 
on the  constancy  of  tho  f;alvai'iO:TiOte"^  deflections  ob- 
tained.  On  darap  days  it  v/ao  nearly  imposaible  to  get 
cons  latant  I'eBUltc;. 

It  -van  f '  unci  that  ^:hen   thg  double  thr^vr   pobfin- 
tial  3 /.itcii  'Taa  t>->ro(vn  to   the  high  voltar;^  ^ido,  the 
galvanorjoter  ;;  ave  a  lar^-e  deflection  when  no  cap- 
acity "^as  connected  in  tho  circuit.   There  '"raa  also, 
a  nodorata  dofloction  ".^hen  the  s-vitohea  ^vere  thrcra 
to  the  lovV  voltage  and  standard  conlenser,  '^hon  no 
curr:>al  '.Vi-s  pasi^inr  in  the  .01  W  repiatance.   Thef^e 
deflections  may  h^ve  'been   carried  by  therno-olectric 
action  or  leakage,  thcmg^.   thg  latter  is  not  probable, 
becauae  of  the  Io't  voltafre  used,  and  the  fact  that  no 
potexitial  .'?as  impressed  in  tho  second  case.   It  is 
posaible  Lhat  these  effectts  >7ero  caueod  by  the  fri- 
ction of  t;;e  contacts  of  th«  fork  upon  tlie  haM  rub- 
ber surround  inf,  the  me  til  buttcm-'.   The  above  doflect- 
iona  were  ta^:ea  as  zero  rsadint's.   These  rea^'inrrs  scme- 
tinotJ  amounted  to  several  tin^OQ  the  deflection  due  to 
the  charging;  of  the  capacity.   The  condition  -^or   the 
zero  reading  •"Ita  the  insulator  as  capacity  and  the 


hl£;)ier  volt.i,ge  i*a.a  with  ths  conlon.ior  o.Titol:oc  open 
and  -/no  po^sntl;ll  avritch  closed  upon  thn  high  volt- 
■\<jQ  Gide.  Qiat  for  the  second  zero  •OT.iiat-';  ras  .?ith 
the  potential  ss-itoh  closed  oa  the  low  volta^re  side 
and  tJie  capacity  sv/itch  clcood  to  the  standard  con- 
deafler*,  and  no  current  flowing  In  tho  aiixiliary  olr- 
cuit. 

l'h-3  capacities  doteririnod  are  probalal.v   in  orror 
quite  a   li-i rrs  parcant  on  accoiitit  of    the   capacity  eff- 
ect  of    the    connoctionfci   '^hicJi  could   not  be   seperated 
;-nors   thaii   t\^o   or   three  feet.      liowover,    this   er-or   is 
praGtiGj.ll.v    constant    in  all  ^oasux'sment^jiand   as    the 
results    to   be   ohtainod   are     uily   comparative,    this 
-.■nakea    little  difference. 

"ihis  raethod   of  neasur^.-ient  gives   rosults  ■^rhlch 
check   quite    '/oil   ■■flth    those   ottained  by   the   5ir?ct 
deflection  met^iod   for   'i-'ie   Vhora?    insulator?.      The 
averaf^e  results  for   those  units  -Tas    ,00(;()57   M".F.   hy 
the  dir.'t    ieflectio-.i  neLhod,    and    .G0C0"15   I'. P.   by 
the  hir-^h  frequency  nethcd.      i'he  difference    in  re- 
sults  ainouijts    to   about   5??. 

Ih?  final    .iverape  results  for   the  varicvs  rrfsasure- 
iients   of   cap.ncit^   were  as   follows:- 


i.ar/?,e  rhonau  Inou  jitora,  (i'late  1),  par   unit  .0000^1*^ 
X.K.;  .nail  TVioaao  InBUlatore,  (Plate  '^) ,   per  unit 
.00007r'-7  '  ,1',;  OMo  Braes  Company  insulatorp,  funod 
on  the  Chicago  Sanitary  Dl»trict  tranonloBion  llno> , 
•per   unit,  .000 '4fir  k',F.;  Locko  insulatorr.,  (Plat*?*^), 
por  unit,  .000074'"*  'UF,;  100,000  volt  TestinfrhouBO 
.:.lectrO0tatio  voltraotor,  100,000  volt  acalo,  -^ull  r!o- 
flocMon,  .OOOG"^?!  M.F.;  55,000  volt  sO'-'-l'?,  .O0or.r,op  -.p. 

Aftor  ■••ouHvrlnF  :v^at  ??ao  supposod  to  b©  t^-^  cap- 
acity of  a   '^,'^00  volt  electro-static  "Oltr>»tor,  It 
■»a;^  round  that  tho  fuaos  in  ^ho  instrunont  ^oro 
burned  osit  -uid  that  In  reality  the  capacity  of  tho 
irlreo  connectinr  to  it  were  boinr  noaaurod.  Thooo 
roaulto  'lay  nho-^  tlie  nearly  constant  orror  duo  to 
the  capacity  of  tb.OBe  wirea.  The  capacity  wao  foraid 
to  bo  .0000r>3  ".F, 

rho  hieh  frequency  method  of  capacity  wQaouro- 
'nent  could  bo  r^ado  very  accurate  by  the  ubo  of  a 
corarautator  vith  lar^e  brushes,  and  no  inoulatlon 
projoctinc  where  the  bruahoe  can  touch  it. 
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D  A  T  A. 

Dli.aCT  DZFLECTIQN  METHOD  OF  CAPACITY  MEASUREMENT. 

Large  type  Thomas  insulators,  (Plate  3). 

Determination  of  galvanometer  constant. 

Deflections,  cm.:-  2.48,  2.5,  2.52,  2,52,  2.52  average 

2.508  c^n.      Standard   condenser    .05  M.P,      Voltage  applfted 

.972 

Constant  .00194 

Two  Units  in  Parallel 

Deflection,  cm.:-  1.99,  1.98,  1.98,  1.97,  2.02,  2.00, 

1.93,  1.9-3,  average  1.99  cm.  Voltage  applied -SSe. 5 

capacity  .000108  =  .000054  M.ff.  each. 

Three  Units  in  Parallel 

Deflect  .on  cm.:-  2.5,  2.6,  2.6,  2. 58,  average  25.8'^  cm. 

Voltage  applied  356,5  volts.   Capacity,  ,00014   = 

T 

.000046  I.I.P.  ^ach. 

DETERMINATION  OP  GALVANOIIETSK  CONSTANT. 
Deflection,  cm.:-  2.7.4,  2.74,  2.75,  2.7^^,  2.76,  2.7.4 
average  2,741  cm.   Voltage  applied  1.116,  f-tandard 
condenser  .05  M.F.   Constant  ,00203. 
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TWO  UNITS  IN  PARALLEL. 

Deflection,  cm.:-  2.71,  2.7,  2.7,  2,7,  average  2«7  era. 

Voltage  applied,  405.   Capacity  .QOOlgS  =  .00067  M.P. 

2 
THREE  UNITS  IN  PAiULLEL. 

Deflection,  en.:-  :^.75,  3.72,  3,7,  r^.71,  3,72,  average 

3.72,  cm. 

Voltage  applied,  405,  Capacity  .000186   =  .000062  M.P, 

ijach. 

Average  capacity  of  these  units  .000057  M,F, 
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HIGH  FREQUKNCY  IvIETHOD. 
Weston  0-5  Ammeter  #106,  standard  .01  W  resist- 
ance and  standard  .0??5  M.F.  condenser  U3=>d  in  all  tests. 


LAEGE  THOJ'IAS  UNITS.  (Pla'e  1) 
Voltage  applied  to  insulators,  6.04 


Deflections,  cm. 
High  voltage,  insulators 
Zero  reading  16,8 
Final  reading  11.4 
Def.  5.4 


Deflection  cm. 

Lo-,7  voltage  -  Standard  Condensers 

Zero  reading  PA, 5 

Pinal  reading  19.1 

Def.  5.4 


Current  in  resistance  1.4  amp. 


Oaracity  .014  x  .cns 
6.04 
17. 7> 

,000058  M.F. 

24 

12.?. 

18.9 

5.1 

6.1 

Current  1.4  amp 

'• 

Capacity, 

.000058  M.P. 

18 

24.6 

1?.9 

9.5 

5.1 

5.1 

Current  ,1.34 

amp. 

Capacity 

.000^565  M.F 

18.  n 

23.8 

12.7 

18.3 

5.5 


5.5 
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Curr'~'nt  1.55  amp,  capacity,  .0000641 

17. -l  '^'^.5 

11.8  13.1 


5.4  5\4 

Current  1.55  /unp.   Capacity  .0000641  H.F. 

VOLTAGh;  APPLIED  TO  INSULATORS,  10.?! 
in. 7  23 

5.3  13.6 

9.4  971" 

Current,  f^.725  Amp.  capacity  .0000668  I.I.F. 

13.1  S4 

3.9  14.8 

9.^  9.S 

Current,    2.535  Amp,    capacity,    .00006J31   M.F, 

13,5  S4 

4.5  IS 

9  9 

Current,  P»5     np.  capacity,  .00061'^  lu.F. 
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SMALL  THOMAS  UNITS.  (Plate  2). 
Voltage  applied,  7,84  Volts. 


Deflections,  cm. 
Zero  roadin,n,  7  ,P. 
Final  reaUng  15.^5 
Def.  8.05 

Current,  2,26   Araps, 
8 
lfi.9 


Current,  2,34  Amps, 
8,9 
1?!.2 


Deflections,  cm. 
Zero  readinfr  1.5 
Final  reading  9,55 
Def.  8,05 

capacity  .0007??^  M,F. 
.5 

8,4 

7,^ 

Capacity,  ,000747  ''.F. 

.5 
8,8 


8,3 


8.3 


Current,  ^.435  Amp.   Capacity,  .0000774  ?<T.F. 


6.4 
14 


1,3 
8.9 


776^ 
Current,  2,29   Ara^. 
6.75 
14.65 


Capacity,  ,000073 


1 
8,9 


7.9 
Current,  ^.335  .\nps .   Capacity  .000071?? 
Average  Capacity  of  Units,  ,0000737  M.F. 
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OHIO  BRASS  COMPANY  UNITS 
(Used  upon  Chicago  Sanitary  District  Transmission  line) 
Voltage  Applied,  6  volts. 


Deflection,  cm. 

Zero  reading  9,^ 

Final  reading  19.9 

Def.  3.7 

Cur  re  n  t ,    1.09   /vmp , 

9.15 

11^.7 
3.55 

Current,    1.08  Amp. 

8.9 

12.75 


3.85 

Current,    1.1.    Amp. 

8.55 

1^.3 
4.P5 

Curr en  t ,    1.15   ;\mp . 

3.5 

12.6 
4.1 

Cur r  en  t ,    1.17   >Vr.p , 


Deflection  cm. 
Zero  reading  1.6 
Pinal   "    6.3 
Def.         3,7 
Capacity,  .000046  :.!.F. 
1.35 
5.4 


3.55 
Capacity,  .0000456  H.P. 
1.65 
5.5 


578B" 
Capacity,  .0000464  M.P. 
1 .  65 
5.9 


4T^?5 
Capacity,  0000485  M.F. 

1.75 
5.85 


TTT 
Capacity,  .0000495  M.F. 


Voltage  Applied,  9.85. 


13.5 

20 
6.5 

Current,    1.86   Amp. 

18.55 

19.45 
5.9 

Current,    1.7C   Amp. 

13.5 

9.75 
F7T5~ 

Current ,    1.8   Amp . 

13.^5 

■9.45 
6.f3 

Current,    1,8  Amp* 

13. 

19.5 

Currer.t,    1.875 

13.1 

9.25 
6.15 

Current,    1.79  Amp. 


1.9 

P,,4 

Capacity,    .0000475   y.P. 

?>.15 

8.05 
-"^79 

Capacity,  .0000446  '-.P. 

8 

8. '^5 
6.2S 

Capacity,  .0000456  M.P. 

2 

8,9. 


6.1 
Capacity,  .0000456  M.F. 
2 
8.5 

Capacity,  .0000476  ?J.P. 

2.1 

3.15 
6.15 

Capacity,  .0000455  M.F, 


Average  Capacity,  .0000456  M.F. 


•^efloction  cm. 
Zero   readlnf; 
Final  realftgg 
Def . 


Curront,  1.8  .Imp 
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LOCKE  UNITS,  (Plate  ''O  . 
Voltage  Applied  9.85. 

Doflection,  cm. 
1?;.5  Zero  readinjr   ^.*?5 

19.85  Final  reading  8.6 

Def. 
Capacity,  .0000456 


13.75 

no.ns 


6.?;5 
Cur'-ent,  1.8  Amp. 
13.75 
'^0.?!5 


6.5 

Current,  1.83  Amps. 
i:^..65 

Current,  l.SB  Amp. 

13.85 

r!0.75 
C.9 

Current,  1.9?!  Amps 

13.85 

r>o.f?5 
S7?5^ 


8.75 
Capacity,  .0000456  M.F, 

8.8 


6.5 

Capacity,  .0000  465  M.F. 

S.l 
8.8 


Capacity,  .0000478  M.F. 

9.0 


6.9 
Cap-icity,  .0000487  M.F. 

8.85 


Curront,  1.935   .'■jnp.    Capacity,  .000049  M.F. 
Average  Capacity,  .000047r>  ?T.F. 

'.VESTINGHOUG'ii  SLliCTROSTATlG  V0LT:^ET''2^  . 
Full  scale  deflection,  100,000  volt  scale. 
Voltage  applied,  9.84 


Dofloction,  cm. 

Siero   reaclin.p:,    1^^.75 

i? -nal   roali.xg     8.5 

Def .  5 . ^5 

Curr-'nt,    1,45   Amp« 

13.75 

13.8 
fe.Ofe 

Current,    1.4^  iilinps. 

13.75 

18.5 
4.75 

Current,  1.44  Arap. 

15.75 

18.75 
5 

Current,  1.57  Amp, 

13.75 

13.7 
4.95 


Deflection,  cm. 
Zero  reading   3,75 
Final  reading  B.5 
5.f55 

Capacity,  .0000368  I.F. 

4.1 


9.15 
5.05 


Capacity,  .0000367  !'.P. 


Capacity,  .0000367  M.F. 


3.75 
8.5 

3.7  5 
8.75 


Capacity,  .00004  !.^F. 


3.4 

8.35 
4.95 


-3«- 

Ourront,  ].4  Arap.  Capacity,  #0000:^61  ",F. 

FULL  i^CM?.   DKFLHCTION,  ??5,000  Volt  Hoale. 
Uoltago  applied  9,84 

DeflQotion  era. 
10  Zero  reading   4.1 

14.5  Final  roadinfi;  B.6 

4.F 


Deflect ion     on. 
Zero  read in f 
Final  raadin,tr 

Current,  l.r!5 


4.5  Dof • 

Capacity,  ,0000514  M.F, 
0,95 
14,0 


Current   l.ns  Amp.     Capacity,    .OOOOSSfi  !i,P, 
30#f?5 

4,4 

Current,    1,28  top.     Capacity,    .0000Rf?6  '',F, 
10,:^  5 


14.6f> 


A, 5 
9.45 


4.4 


4,P 

3.9 


current,  l.'^o  /!\rnp. 
10.1 
14.  r. 


Capacity      .00005?^     M.P. 


4.6 


Curr-'^nt  l.r>9  Asp.  Capacity  .00005:^  'J.F. 

Average  Capacity,    • 00006^5  M.F. 


4,4 


-36- 

ELLIOT  '5,?^00  VOLT  ELECTROSTATIC  VOLTMETER. 
Note:-  The  instrunent  fueed  were  bunnod  out J  so   the 
capacity  measured  was  that  of  the  conneotin/r  wlr-ea. 
This  gives  the  probable  error  in  all  the  above  deter- 
minations. 

Voltage  Applied,  9,9   Volts. 
Deflection,  cm.  Deflection  cm. 

Zero  reading,    15.3  Zero  reading   3,^5 

Pinal  readinp;    IB. 4         Final  readinp  6.45 
Def.  3.S         Def.  3.?? 

Current  .76  Anp.   Capacity,  .000019??  ".F. 


15.f^5 

3.8 

18.7 
3.45 

— 

7.^5 
r^.4.5 

Current, 

.86  Amp. 
15.1 
18.6 

Capacity, 

.  0000317  •■; 

i.F. 
5.6 
9.1 

3.5  3.5 

Current,  .75  Amp.  Capacity,  .000029  ''.P. 

15.3  5.15 

18.8  9.65 


3.5  375 

Current,  ,QP,   Arap.  Capacity,  .0000r?07  Amp. 
Average  caracity  of  leads,  .000021  M.P. 
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